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Introduction
• Lattice studies/simulation very special part of BNL-activities for  

over quarter of a century! …..Michael Creutz’s name is
essentially synonymous with lattice simulation…pioneering work
now blossomed into a significant component of High Energy &
Nuclear Physics communities.

• ’05 heralds significant new developments @BNL:
a) QCDOC 10 Tf ….RBC machine
b) arrival of Frithjof Karsch….adds important new directions in 
the arena of finite temperature simulations.
c) QCDOC 10 Tf ….DOE machine
d) RBC joins forces with UKQCD 



DOE-Review-4/27/05

II. Hunting New Physics with the 
lattice

• 1)  Recapitulate: why lattice is needed
• 2) Lattice helps reach a milestone in Particle 

Physics
• 3) Precise determination of the unitarity

triangle… THE HOLY GRAIL
• 4) Exact chiral symmetry on the lattice
• 5) 20 years of BK
• 6) RBC-Menu’05
• 7) B versus K-UT
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CKM-matrix in the Wolfenstein 
Representation (PDG’04)
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PDG’04

The unitarity triangle
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Most bands due
To theory errors

Atwood&A.S,
hep-ph/0103197

1st Hints of confirmation
Of CKM-CP violation



SM prediction using existing experiments + lattice
input

Heavy-flavor
-averaging 

Group,hep-ex
/0412073 

Excellent 
agreement ->

striking 
confirmation of

the CKM-paradigm
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Lattice helps attain an important
milestone in Particle Physics

• I. B-factory results + lattice (despite severe limitations) 
-> CKM-paradigm of CP violation gives an excellent 
account  simultaneouly of CP violation in KL->ππ ( εK~.001) 
as well as aCP (B->ψKS)~.73[SLAC/KEK] with 
η~.30+-.05! 

• II. Note w/o the lattice ~$1 billion spent for the 
experimental #s would have been seriously shortchanged.

• III. This is an outgrowth of the calculation of weak
matrix elements initiated in collaboration with Claude
Bernard ~’83.
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20 years of BK

Bernard & A.S.
Lattice ‘88
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Lack of chiral symmetry
becomes a fine-tuning problem!

C.Dawson
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C Dawson@CKM’05
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RBC, in prep.
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C. Dawson
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Our quenched result with domain wall quarks is
somewhat smaller: 0.563(21)(25)…this tends to

increase η

RBC,hep-
lat/0411006
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C.Dawson

verysoon
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RBC Menu’05

With a factor of 20 or more in computing power, clearly we
would like to do lots of important physics.Unfortunately, HET 
has ZERO lattice post-doc (traditionally have had at least one)
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Summary & Outlook
• Lattice calculations of weak matrix elements along with B-factory 

results have led to a striking confirmation of the CKM-paradigm of 
CP violation. 

• Since the KM-mechanism is dominant contributor to the observed CP 
violation in the K and B-systems, the effects of any new beyond the 
SM CP phase is likely to be small.

• This puts greater demands on precision from experiments as well as 
from theory for the discovery of new phenomena.

• For the lattice, the new hardware (QCDOC) would allow us to go 
beyond the quench approximation, a major source of error 
heretofore.

• To use the increased computing power effectively for physics 
applications of experimental interest, however, would require at least 

one possibly more lattice post-docs in HET; currently we have none.
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